Doyle /Ehrenkranz /Halliday Neonatology 2010; 98:111-117 112 the basis of data from observational long-term studies of fewer adverse behavioural [3] , cardiovascular [4] , neurological and immune [5] outcomes, among others, in childhood [6] . This view is supported by animal evidence of fewer changes in the hypothalamus of adolescent rats exposed as neonates to hydrocortisone compared with dexamethasone [7] . However, the use of hydrocortisone in clinical practice needs to be substantiated by experimental data in humans.
The aim of this study was to review systematically the data from randomised controlled trials (RCTs) in newborn infants where hydrocortisone was compared with placebo, to establish the balance between risks and benefits of hydrocortisone in newborn infants in the prevention or treatment of BPD.
Methods
We included all RCTs of postnatal hydrocortisone therapy in preterm infants to treat or prevent BPD, where the comparison treatment was placebo. Trials using hydrocortisone in the first days of life were included even if it had been used primarily to treat or prevent hypotension, as long as outcomes included BPD, mortality or cerebral palsy. Studies included preterm infants who were ventilator-dependent at entry. The type of intervention included intravenous or oral hydrocortisone versus control (placebo or no treatment). The types of outcome measures included mortality, BPD (oxygen requirement at 36 weeks' postmenstrual age; PMA), death or BPD, late rescue with corticosteroids, survivors discharged home on oxygen, failure to extubate, complications during the primary hospitalisation (including infection, hyperglycaemia, hypertension, pulmonary air leak, patent ductus arteriosus (PDA), severe intraventricular haemorrhage (IVH), periventricular leukomalacia (PVL), necrotising enterocolitis (NEC), gastrointestinal (GI) bleeding, GI perforation, severe retinopathy of prematurity (ROP), and long-term outcomes (including cerebral palsy).
RCTs of postnatal hydrocortisone therapy were sought from the Cochrane Controlled Trials Register (CENTRAL), MED-LINE, hand-searching paediatric and perinatal journals, examining previous review articles and information received from practising neonatologists. MEDLINE was searched from 1966 through March 2009 using the terms: cortisone or hydrocortisone, limits randomised controlled trials, human, all infant: birth-23 months.
For each trial, information was sought regarding the method of randomisation, blinding, stratification, and reporting of the outcome of all the infants enrolled. Information on the trial participants included the need for mechanical ventilation and the age when treatment was started. Outcomes included those listed above. Meta-analysis of the included trials was performed using RevMan 5. For some statistically and clinically significant outcomes the number needed to treat for additional beneficial (NNTB) or harmful (NNTH) outcomes and 95% confidence intervals (CIs) were calculated from the typical relative risks according to methods of the Cochrane Handbook for Systematic Reviews of Interventions [8] , assuming the control group event rate as the baseline rate. Significant heterogeneity was present if the I 2 statistic exceeded 50%, suggesting caution when interpreting the results of meta-analysis. In a sensitivity analysis the main outcomes were re-analysed limited to studies where the primary aim was to prevent BPD.
Results
Eight trials qualified for inclusion in this review [9] [10] [11] [12] [13] [14] [15] [16] . Most of the trials enrolled low birth weight or very preterm babies with respiratory distress syndrome (RDS) who were receiving mechanical ventilation; other characteristics are listed in table 1 . In most trials the primary aim of the study was to prevent BPD [10-12, 14, 16] ; in two the intent was to treat hypotension [13, 17] , and the original trial reported in 1972 [9] was primarily aiming to test the effects of hydrocortisone on acute RDS. In all studies, treatment started within the first week of life, although the treatment course in some cases lasted into the second week of life; there were no trials of treatment started in infants who were chronically ventilator-dependent after the first week of life with established or evolving BPD. All were methodologically sound trials; all were randomised trials, with treatment allocation concealed from the study investigators, blinding of intervention from the investigators by use of placebos, blinding of outcome measures, and complete reporting of in-hospital outcomes for infants randomised, and high follow-up rates (at least 85%) for centres reporting outcomes beyond discharge.
Apart from the original trial reported in 1972 [9] where the total dose was 30 mg/kg on day 1 of life, most other regimens had lower total doses, ranging from 5 to 15 mg/kg over 5-15 days ( table 1 ) , and could be considered either 'physiological' or 'stress' doses of hydrocortisone, particularly when the primary indication was the management of hypotension.
In each study the numbers enrolled within the respective groups and the numbers with major outcomes of death, BPD and cerebral palsy, and combined outcomes of death or BPD, and death or cerebral palsy are shown in table 2 .
Results of Meta-Analysis
Meta-analysis of these eight studies of hydrocortisone treatment showed the following results: Mortality and Acute Lung Morbidity . There was little evidence that hydrocortisone reduced mortality, the rate of BPD at 36 weeks' PMA, the incidence of death or BPD at 36 weeks' PMA ( fig. 1 ), the proportion of survivors discharged home on oxygen, or the rate of failure to extubate ( table 3 ) .
Complications during the Primary Hospitalisation. Hydrocortisone significantly increased the risks of GI perforation ( table 3 ) ; the number needed to treat to cause one case with GI perforation (NNTH) was 20 (95% CI 8-151). Hydrocortisone reduced the risk of PDA; the number needed to treat to prevent one case with PDA (NNTB) was 14 (95% CI 8-203). There were no significant effects on NEC, severe IVH, PVL, infection, or severe ROP ( table 3 ) .
Follow-Up Data . These were available for five [ 18-20 , and K.L. Watterberg, pers. commun., 2002] of the eight studies; the report by Peltoniemi et al. [20] included follow-up data from the trial of Bonsante et al. [16] . The rates of cerebral palsy or combined mortality or cerebral palsy were not substantially altered by hydrocortisone ( fig. 1 ;  table 3 ).
When meta-analysis was restricted only to studies where the primary goal was to prevent BPD, there was little change to any relative risk or its 95% CI, and no conclusions were altered ( table 3 ) .
Some of the possible outcomes of interest contained few studies and small sample sizes, and hence the power to detect either beneficial or harmful effects of hydrocortisone was limited under these circumstances. Examples included rates of hyperglycaemia (typical relative risk 0.92, 95% CI 0.50-1.67; one study and 50 infants), hypertension (typical relative risk 3.00, 95% CI 0.33-26.92; one study and 50 infants), and GI haemorrhage (typical relative risk 1.53, 95% CI 0. 27-8.74 ; two studies and 91 infants).
Discussion
In this systematic review and meta-analysis of the RCTs of hydrocortisone in preterm neonates, we identified a total of eight trials and in all of these hydrocortisone was started in the first week of life, before BPD is established. In all but one study the dose of hydrocortisone was relatively low. There was little evidence to support the use of hydrocortisone to prevent BPD; there were no improvements in important outcomes of mortality, or of rates of BPD or home oxygen dependence. The significant reduction in the rate of PDA is of doubtful clinical significance in the absence of any effects on mortality or BPD. Moreover, the small gain in the reduction of PDA is probably more than offset by a substantial increase in the rate of spontaneous GI perforation, which may be potentiated by concomitant treatment with indomethacin [12, 14] . There was little evidence of any other harmful effects of hydrocortisone, including on the rate of cerebral palsy. Restricting the meta-analysis to only those trials where the intent was to prevent BPD had little effect on the results and altered no conclusions.
The situation with hydrocortisone started in the first week of life is in contrast with the effects of dexamethasone started during that time. Dexamethasone substantially facilitates extubation and reduces the rate of BPD and the need for late rescue with corticosteroids [21, 22] . Early dexamethasone causes more early complications, such as high blood pressure and blood glucose, GI bleeding, hypertrophic cardiomyopathy, and growth failure, and, like hydrocortisone, also leads to more spontaneous GI perforations [21, 22] . Early dexamethasone also causes an increase in cerebral palsy [21, 22] . A possible reason for the differences observed in the RCTs of dexamethasone and those of hydrocortisone is that the doses of hydrocortisone have been much lower than the doses of dexamethasone, in equivalent terms. The typical total dose of hydrocortisone of 5-15 mg/kg equates to approximately 0.2-0.6 mg/kg of dexamethasone -all but one of the 20 dexamethasone RCTs used higher total doses than this (up to 14 mg/kg total in one study) [23] . The power to detect beneficial or harmful effects of hydrocortisone was relatively low compared with the more numerous studies of dexamethasone which have recruited more infants.
What is completely lacking so far are any RCTs of hydrocortisone to treat established ventilator dependence or BPD in infants, starting after the first week of life. Such trials are urgently needed to justify the call for hydrocortisone to be used instead of dexamethasone in these infants [2] . If indeed trials of hydrocortisone are undertaken in ventilator-dependent babies with established lung disease, infants at high risk of BPD should be targeted [24] . Moreover, higher than physiological or stress doses of hydrocortisone may be required. In one study of dexamethasone a total dose of 0.89 mg/kg over 10 days was successful in weaning from the ventilator [25] . This dose equates to one of approximately 25 mg/kg of hydrocortisone; however, most other studies of dexamethasone have used much higher doses [26] . If indeed higher doses are used, and even if they are not, RCTs of hydrocortisone for infants with established BPD must be powered to detect improvements in survival free of major disability as the major endpoint. Short-term benefits may not be acceptable if offset by long-term harm.
Besides corticosteroids, other ventilatory [27] and non-ventilatory strategies [28, 29] must be sought to reduce lung injury and prevent development of BPD, including a re-evaluation of inhaled corticosteroids [30] .
We have not attempted subgroup analyses other than by the main indication for treating with hydrocortisone as there were no beneficial effects of hydrocortisone. A subgroup where there are no other corticosteroids pre- scribed might be of interest, but apart from the original trial in only 44 infants in 1972 [9] where open-label corticosteroids were unlikely, either they have been used or it is not explicitly stated that they were never used in either group [11, 13] . Open-label steroid prescribing makes it harder to determine the effects of hydrocortisone alone.
Other subgroups of interest might include those by gestational age, but this type of analysis is not possible without individual patient data, which are unavailable for all of the trials of hydrocortisone.
In conclusion, there is little evidence to support the use of hydrocortisone as prophylaxis for BPD in the dose regimens employed in the studies reviewed. All RCTs of hydrocortisone should report late outcomes, especially neurological and developmental outcomes, among surviving infants who participated in the studies. Future studies are needed to identify those infants most at risk of either dying or surviving with neurological disability, as a consequence of prolonged assisted ventilation and evolving BPD. It is these high-risk infants who should be the subjects of any future RCTs of hydrocortisone.
